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(54) HIGH PRESSURE CAST ALUMINUM ALLOY EXCELLENT IN STRENGTH AND 
TOUGHNESS AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a high pressure cast Al alloy for an automobile 2 
piece or 3 piece wheel disk having improved strength and toughness compared to those of 
the conventional casting alloy and low in cost compared to that of a forging and to provide a 
method for producing the same. 

SOLUTION: This aluminum alloy has a compsn. contg., by weight, 0.6 to 1.0% Si, 0.8 to 1.2% 
Mg, 0.1 to 0.5% Cu, 0.4 to 1.2% Zn, 0.4 to 1.2% Mn, 0.01 to 0.20% Ti and 0.002 to 0.04% B, 
and the balance Al with inevitable impurities. Furthermore, the method for producing the high 
pressure cast aluminum alloy for a wheel disk in which the molten metal of the above alloy is 
filled into a mold and is thereafter solidified under >500kgf/cm2 is provided. \ 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention offers the aluminium alloy for wheel 
discs which intensity and toughness improve in bolting, two piece to weld, or 3 piece wheel compared 
with the conventional aluminum alloy casting combining a rim and a disk in more detail, and can reduce 
the performance variation inside a product remarkably about the high-pressure-casting aluminium alloy 
for wheel discs and its manufacture method for automobiles. 
[0002] 

[Description of the Prior Art] The wheels for automobiles etc. are important Safety Department articles, 
and high reliability is required of the quality, such as intensity and shock resistance. Recently, use of the 
wheel made from an aluminum containing alloy is broadly performed from a viewpoint of lightweight- 
izing of rolling-stock-run stability and vehicles. 

[0003] The wheel made from an aluminium alloy can be divided roughly into 1 piece wheel, two piece, 
or 3 piece wheel on structure. 1 piece wheel carries out casting processing of the disk section used as the 
rim section equipped with a tire, and the attachment section to an axle by one, finishes it with 
machining, and its rigidity is high and it has an advantage with reducible part mark, however ~ being 
thick to some extent in the minimum thickness of the rim section, while change of a design is not easy, 
or management of cast conditions becomes severe, in order to prevent the casting defect constituting the 
cause of air leakage at the time of tire wearing — not carrying out ~ since it does not obtain but there is a 
limitation in thinning naturally, there is a problem of being unable to attain sufficient lightweight-ization 

[0004] On the other hand, two piece or 3 piece wheel attaches the disk manufactured independently by 
welding or bolting to the rim which carried out flattening of the rolled plate. Although an example of 2 
piece wheel is shown in drawing 1 , welding fixation of the periphery of the disk (11) attached in the 
inside side of the rim (10) equipped with a tire at an axle is carried out. About the rim of this kind of 
wheel, board thickness precision is good, the reliability about the airtightness at the time of equipping 
with a tire, since it was made from aluminum containing alloy ** which is rich in the ductility which 
does not almost have an internal defect is high, and even when it collides in a run on a foot walk etc., 
there should be an advantage which does not result in casualties, such as a deficit, only by causing 
deformation. 

[0005] Thus, since 2 piece wheel can do rim ** thinly compared with a structure top 1 piece wheel, 
although it has the advantage to which the same disk design can also attain lightweight-ization, there is a 
limitation also in the thinning of rim material naturally from a viewpoint of a rim moldability. Therefore, 
in order to correspond to the demand of the further lightweight-izing, it is necessary to also perform 
lightweight-ization of a wheel disc simultaneously. 

[0006] Generally a disk is classifiable into the wheel disc made from forging, and the wheel disc made 
from casting by the manufacture method. Usually, the wheel disc made from forging has good corrosion 
resistance, and is manufactured by carrying out forging of the continuous casting rod or extruded 
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material of the aluminum-Mg-Si system alloy which is excellent also in processability especially 
JIS6061, and 6-N 01 alloys. According to such forging, with high intensity, since geometrical flexibility 
passes through many processes, such as preforming, rough ****, and sizing, low from the restrictions by 
the forming method while it is reliable, the yield is bad and there is a fault that a manufacturing cost is 
also high. On the other hand, although geometrical flexibility is high and it is a low cost in order that the 
wheel made from casting may make and put the thick difference of the grade which exists compared 
with the wheel made from forging, in order to consider as what has high reliability with high intensity, it 
is necessary to pay careful attention to the quality of the material and the manufacture method. 
[0007] As an aluminium alloy for the wheels made from a casting, a small amount of Mg is 
conventionally added for the good aluminum-Si system alloy of fluidity at the base from intensity, 
toughness, and a corrosion resistance viewpoint, and it is heat, and as the manufacturing method, it is 
filled up with a molten metal at a low speed from a viewpoint of internal-defect reduction of a shrinkage 
cavity, contamination, etc., and the circumference nature of hot water — 0.1-0.5 Low pressure casting 
which performs the dead head by the low voltage about atmospheric pressure is mainly adopted. 
However, in casting with a slow solidification speed like low pressure casting, while a solidification 
structure (dendrite cell size) becomes coarse, there is a trouble that the high intensity and the high 
toughness which are sufficient for carrying out thinning are not acquired even if it becomes easy to 
crystallize big and rough impurity compounds, such as an aluminum-Fe system, and heat-treats after 
cast. 

[0008] That this problem should be solved recently, the attempt which is going to conquer the problem 
on casting is made by the high pressure casting process, and it is put in practical use using the alloy for 
castings with some parts. While being characterized by a high pressure casting process pressurizing by 
high pressure until it is filled up with a molten metal at a low speed and solidification is completed and 
being able to carry out the remarkable prevention of the generating of an internal defect, since 
solidification speed is quite quick, a dendrite cell size becomes small, and intensity and it being 
extended [ both ] and improving are known. 

[0009] However, since these alloys for castings have intensity and low toughness level compared with 
the 6000 system alloy of JIS6061 grade used as an object for forging and the stable performance is hard 
to be obtained, the present condition is that sufficient intensity which is sufficient for carrying out the 
thinning of the wheel disc further by the low cost is not obtained, moreover, a thick thick hub as shown 
in drawing 2 in the case of a wheel disc — since a dendrite cell size becomes large since solidification 
speed becomes slow compared with the disk periphery section (it is described as the rim section (13) 
below), and a mechanical performance falls, the present condition of the section (12) is that uniform 
quality is not obtained inside [ whole ] a product 
[0010] 

[Means for Solving the Problem] The place which this invention was made in view of the above- 
mentioned trouble, and is made into the purpose is for intensity and toughness to improve compared 
with the conventional foundry alloy, have the mechanical performance of a forging EQC not related 
thickly, and offer the high-pressure-casting aluminium alloy and its manufacture method two low cost 
piece for automobiles, and for 3 piece wheel discs compared with a forging. 

[001 1] The AC4CH alloy widely used as an alloy for castings as a result of this invention person's etc. 
examining many things about the component of an aluminium alloy used for high pressure casting, in 
order to attain the aforementioned purpose has a limitation in a mechanical performance, although the 
quality of an internal at the time of high pressure casting is excellent, and the knowledge of the 
performance more than the present forging not being obtained was carried out. Moreover, the knowledge 
of being joined to a rim in many cases by welding, and a certain amount of weldability being required 
for a wheel disc, and there being was carried out. 

[0012] Then, the result which performed further various examination that improvement in the 
mechanical performance by heat treatment can be expected, and the alloy for **** with good 
weldability should be applied to high pressure casting, Si: 0.6-1.0 Weight %, Mg: 0.8-1.2 Weight %, 
Cu : 0.1-0.5 Weight %, Zn: 0.4-1.2 Weight %, Mn: 0.4-1.2 Weight %, Ti:0.01-0.20 % of the weight, B: 
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By carrying out high pressure casting of the aluminium alloy which consists of the remainder aluminum 
and an unescapable impurity including 0.002 - 0.04 % of the weight Since high intensity equivalent to 
the alloy for forging and high toughness are acquired and the solidification structure inside a product 
becomes detailed uniformly [ it is not related and ] thickly, Though it is a low cost cast wheel disc, it has 
the product performance of a forging EQC, and the knowledge of being satisfactory is carried out also to 
weldability, and it came to make this invention based on this result. 

[0013] The reason for limitation of an alloy content is described below first, this invention alloy is 
characterized by having the component which consists of the remainder aluminum and an unescapable 
impurity including Si weight %, Zn: 0.4 - 1.2 weight %, Mn: 0.4 - 1.2 weight %, Ti:0.01-0.20 % of the 
weight, and B:0.002-0.04 % of the weight. : 0.6-1.0 Weight %, Mg: 0.8-1.2 Weight %, Cu : 0.1-0.5 
[0014] Here, it coexists with Mg and Mg2 Si is deposited at the time of heat treatment after cast, it adds 
in order to obtain intensity required as a wheel disc, and Si is Si. 0.6 % of the weight or more and Mg 
Although it is necessary to add 0.8% of the weight or more, Si 1.0 % of the weight is exceeded and Mg 
Since corrosion resistance and toughness will deteriorate if % of the weight is exceeded 1 .2%, it is not 
desirable. 

[0015] Although Cu is effective in the improvement in on the strength after heat treatment with Si and 
Mg, an addition Intensity sufficient at less than 0.1 % of the weight is not obtained, but it is one side. If 
0.5 % of the weight is exceeded, since weldability and corrosion resistance deteriorate, it is not 
desirable. 

[0016] although there is an effect which makes a solidification cell structure uniform not related thickly, 
and prevents the degradation of a heavy-gage part while Zn dissolves in a matrix and improves the 
intensity of the matrix itself — an addition at less than 0.4 % of the weight, the effect which makes into 
the above-mentioned homogeneity is not fully acquired — since corrosion resistance will deteriorate 
while becoming easy to produce a solidification crack or weld cracking if 1 .2 % of the weight is 
exceeded, it is not desirable 

[0017] A part of Mn has the effect which improves toughness, as a result of combining with the 
needlelike aluminum-Fe system compound contained as an impurity, becoming the rod-like compound 
of a aluminum-Fe-Mn system and easing the notch effect, while dissolving to a matrix and improving 
the intensity of a matrix. An addition here If lower than 0.4 % of the weight, the above-mentioned effect 
will not be acquired, but it is conversely. Since big and rough inclusion will be produced and a 
mechanical performance will deteriorate if it is made to contain exceeding 1 .2 % of the weight, it is not 
desirable, in addition, the more desirable content range of Mn 0.6 % of the weight is exceeded — it is 1.2 
or less % of the weight 

[0018] While Ti and B turn a cast structure minutely and prevent the casting crack in a cast surface, an 
effect is in macro segregation prevention of the last solidification section. An addition reaches 0.01% of 
the weight here, respectively. Since the above-mentioned effect will not be acquired if lower than 0.002 
% of the weight, but big and rough inclusion will be produced if it is made to contain exceeding 0.20 % 
of the weight and 0.04 % of the weight, respectively conversely, and a mechanical performance 
deteriorates, it is not desirable. 

[0019] It is more desirable to make less than into liquidus-line temperature +100 ** molten-metal 
temperature in the gate section in order to be stabilized and to obtain thickly the uniform solidification 
cell structure which is not related, just before being filled up to metal mold, although the aluminium 
alloy concerning this invention was manufactured by high pressure casting. If molten-metal temperature 
exceeds liquidus-line temperature +100 ** here, since the amount of dissolved hydrogen in about [ that 
the effect which makes the above-mentioned organization uniform is hard to be acquired ], and a molten 
metal will become high, it becomes easy to produce micro porosity in the metal texture after 
solidification. Moreover, since it beco mes easy to produce a blowhol e and the reliability of the product 
itself falls in case a disk is welded to a rim, it is not desirable. If a molten metal is filled up with the 
temperature which is less than the liquidus line, since it will be hard to spread the casting pressure since 
the rate of solid phase becomes high, after being filled up with a molten metal in a mold and will 
become easy to produce a local shrinkage cavity on the other hand, it is not desirable. 
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[0020] Alth ough especially the dissolved capacity that does not produc e the gas-porosity at the time of 
rasting ^ hlowhnl f at the time of welding here is noi specified, ine rt gas is rimyh into a molten 
metal usin g commercial rotation degassing apparatus, and it is the amo unt ot dissolved hydrogen gas. 
By carrying out to below 0,2 cc / 100 g, satisfactory, it can castor catTwet d especially. A i/i&^y/^ af 
[0021] Moreover, although not limited especially about the method of being stabilized and storing the 
molten-metal temperature in the gate section just before being filled up to metal mold in a temperature 
requirement with a liquidus-line temperature of less than +100 degrees C, when carrying out teeming of 
the molten metal to a injection sleeve by the usual RADORU hot- water supply, a RADORU inside is 
coated with heat insulators, such as a ceramic, and meanses, such as preventing a molten-metal 
temperature fall, can be considered. However, by this method, in case teeming is carried out into a 
injection sleeve from RADORU, an oxide film is involved in, and it is not avoided with a bird clapper 
that a mechanical performance is unstable as the result. Therefore, it is hard to produce a turbulent flow 
in molten metals, such as an electromagnetic pump or a metal pump, as the transfer method of the 
molten metal from a holding furnace to a injection sleeve, and the method that teeming speed is early is 
desirable. Moreover, in order to prevent a molten-metal temperature fall within a injection sleeve until it 
fills up metal mold as much as possible, it is desirable to use the injection sleeve which lined the 
adiathermancy high ceramic inside compared with usual steel. 

[0022] n ext, met aljnniri -- th" ti me of making the molte n metal with which it was filled up inside 
solidify 500 kpf/cm? It is necessary to make it solidity under the above high pressure. A castifigT3Tg &sure 
^Cg QO kgf/cm2 In thejbllowin g, since a shrin kage c ayity^itLajcasting crack are occurredJreq uentlv anda '^Jjf , 
mechanical performance, especially an eir^ationvafue fall remarkably, it is notltesirable. 
[0023] Moreover, although this invention alloy heat-treats according to the military requirement of a 
final product, especially heat treatment conditions are not limited. That is, improvement of intensity, 
elongation, and the toughness in remarkable can be carried out by giving the solution treatment and the 
temper conditions which were specified to JIS according to alloy composition of this invention 
aluminium alloy. 
[0024] 

[Example] Based on an example, detailed explanation is given to below. 

[0025] (Example 1) The casting equipment shown in drawing 1 was first used for casting This ca sting 
equipment slides on the inside of the injection sleeve (4a) to which teeming of the molten metal of the 
product section (wheel disc) (2) formed in metal mold (1), a molten-metal supply path (3), and a 
constant rate is carried out, and a injection sleeve, and consists of a plunger chip (5) which is filled up 
with a molten metal in a cavity and pressurizes it. In order to prevent a molten-metal temperature fall to 
the inside of a injection sleeve here, ceramic lining (4b) is given. Along with the product section (2), the 
water-cooled pipe (6) was made into the structure where water cooling is performed with through and 
injection restoration, at the fixed interval at metal mold (1). In addition, among drawing, (8) is the 
degassing section and (9) is the gate section. 

[0026] The aluminium alloy of the composition shown in Table 1 here is dissolved by the usual method, 
and it is molten-metal temperature. Pressurization casting is performed by the cast pressure shown in 
Table 2 after Ar gas bubbling for about 20 minutes performs degasifying processing at 700 degrees C, 
and it is a path. 350mm and wheel DIKUSU with a thickness of 4-60mm were produced. After the 
molten-metal temperature in front of cast carried out teeming of the molten metal into the injection 
sleeve, it was measured with the thermocouple (7) installed in the product section (2) here. 
[0027] The cross section of these disk castings was ground and internal defects, such as a shrinkage 
cavity and a casting crack, were observed with the stereoscopic microscope. Moreover, after heat- 
treating on these disks (water cooling is carried out after the solution treatment of 8 hours by 530 **, and 
it is artificial-aging processing of 8 hours at 150 **), the test piece for tensile test and the piece of a 
Charpy test were extracted from the thickest thin rim section, and the Charpy impact value used as 
tensile strength, proof stress, an elongation value, and the index value of toughness was measured. 
Furthermore, these disks were welded to the rim made from 5454 alloys by MIG welding (filler metal 
5356), and the crack of a weld zone and the existence of a blowhole were judged. These results are 
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collectively shown in Table 2. 
[0028] 
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[0029] 
[Table 2] 
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[0030] The internal defect was not observed, but the wheel disc which cast this invention alloy on 
predetermined casting conditions so that clearly from Table 2 was sharply excellent in intensity and 
toughness compared with the low-pressure-casting article and high-pressure-casting article of an 
AC4CH alloy which are put in practical use from the former, and has checked that weldability was also 
the present material EQC. On the other hand, when there is no alloy composition within the limits of this 
invention, sufficient intensity and toughness are not acquired and it is easy to produce weld cracking. 
Moreover, alloy composition occurs internal defects, such as a shrinkage cavity and a casting crack, 
frequently in a product, when this invention within the limits also has casting temperature or a low 
casting pressure, and it turns out that there is an inclination for a mechanical performance to deteriorate. 
[0031] (Example 2) example No.of this invention 1 indicated to Table 2, and example Noof comparison. 
— the thickest thin rim section about the wheel disc obtained by 6, 7, and conventional example No. 12, 
and a thick thick hub -- the Charpy impact value used as tensile strength with the section, proof stress, 
an elongation value, and the index value of toughness was measured, respectively The result is shown in 
Table 3. 
[0032] 
[Table 3] 



http ://www4 . ipdl j po . go .j p/cgi-bin/tran_web_cgi_ej j e 



7/15/02 










ttii/dl 






a Bit 




to 


3 $ 


J} 2j 


i/gJ 


* * 


5i 2H 
91 55 


Ifl /J 




* * « 




i 
i 


i 


7 ^ n 




£ V U 


1 4 

i 4 




00 0 




1 3 


9 S 


w 


A 

\j 


5 




329 


280 


14 


22 


305 


250 


6 


12 




7 


6 




330 


282 


14 


21 


315 


260 


10 


18 




11 


10 


0. 5 


300 


180 


13 


13 


270 


170 


8 


10 



[0033] The low-pressure-casting article of the AC4CH alloy put in practical use from the former so that 
clearly from Table 3, As opposed to intensity, elongation, and toughness tending to fall, as for the 
section and the case of the high-pressure-casting article of the conventional alloy for 6000 system 
exhibition growth ~ thin meat - the rim section with an early cooling rate - comparing — a thick thick 
hub ~ Since the wheel disc which cast this invention alloy on predetermined casting conditions has few 
differences of the intensity depended thickly and toughness, it turns out that uniform quality is obtained 
over the whole product. 
[0034] 

[Effect of the Invention] thus , since performance variation of the material inside a product can be make 
remarkably small while intensity and toughness of the charge [ of an alloy ] by this invention may 
improve compared with the conventional aluminum alloy casting , while being able to use it it be 
detailed and suitable for the wheel disc for 2 piece wheel and 3 piece wheels and being able to attain 
thinning , that the manufacturing cost of a material can be lower etc. be the wheel for vehicles as which 
the reliability of the whole product be require , and also the thing which do a remarkable 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] High-pressure-casting aluminium alloy for wheel discs which consists of the remainder 
aluminum and an unescapable impurity including Si0.4 - 1.2 weight %, Ti:0.01-0.20 % of the weight, 
and B:0.002-0.04 % of the weight.: 0.6-1.0 Weight %, Mg: 0.8-1.2 Weight % and Cu:0.1-0.5 Weight %, 
Zn: 0.4-1.2 Weight % 5 Mn: 

[Claim 2] Si: 0.6-1.0 Weight %, Mg: 0.8-1.2 Weight %, Cu: 0.1-0.5 Weight %, Zn: 0.4-1.2 Weight %, 
Mn: 0.4-L2 Weight %, Ti:0.01-0.20 % of the weight, B: 500 kgf/cm2 after being filled up with the 
aluminium alloy molten metal which consists of the remainder aluminum and an unescapable impurity 
in a mold including 0.002 - 0.04 % of the weight The manufacture method of the high-pressure-casting 
aluminium alloy for wheel discs characterized by making it solidify under the above pressure. 

[Translation done.] 
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Drawing selection | drawing 2 |f| 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To produce a high pressure cast Al 
alloy for an 

automobile 2 piece or 3 piece wheel disk having improved 
strength and toughness 

compared to those of the conventional casting alloy and low 
in cost compared to 

that of a forging and to provide a method for producing the 
same . 

SOLUTION: This aluminum alloy has a compsn. contg., by 
weight, 0.6 to 1.0% Si, 

0.8 to 1.2% Mg, 0.1 to 0.5% Cu, 0.4 to 1.2% Zn, 0.4 to 1.2% 
Mn, 0.01 to 0.20% 
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Ti and 0.002 to 0.04% B, and the balance Al with inevitable 
impurities . 

Fur thermore f the method for p roducing the high pres sure _ 
^asr aJg«ftiiiuiu alloy I"Q"r 

, a wheg j di Q V in w hich the molte n metal of th e above allo y 
is .fill fid into a mold, 

and is thereafter solidified under &ae ; 500kaf /cm<SP>2</ SP> 
is provided . 
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